Various physiological events, such as the locomotor activity, drinking behavior or blood corticosterone levels show typical circadian rhythms under an artificial light-dark (LD) condition. These endogenous circadian rhythms are regulated by the suprachiasmatic nucleus which has been proposed to be the site of time keeping system (oscillator) [3, 4, 7] . The light which is generally considered to be one of the most predominant zeitogebers of the circadian rhythm is mediated by the retinohypothalamic projection to the suprachiasmatic nucleus [5] , and affects the period or phase of the circadian rhythm [1] . Namely, short light pulses cause the phase-dependent phase shift in free-running rats under darkness, or the intensity of light causes to change the free-running period under constant light [1] . In the rat, an increase of illuminance results in elongation of the freerunning period (Aschoff's role) [2] . However, constant lighting condition (LL) may not always mean constant intensity of light for the suprachiasmatic nucleus, since light is frequently blocked by eyelids closed even under LL. Especially, during sleep phase the light intensity projecting into the suprachiasmatic nucleus must be decreased for a long time, even though the light penetrated the eyelids. In the present study, first, we attempted to make an apparatus measuring briefly and continuously locomotor activity of rats. Then the free-running rhythm of locomotor activity under LL was investigated in intact or eyelids-removed rats using this apparatus.
The apparatus was consisted of rat cages, a microcomputer (Z80), a monitor, and a printer ( Fig. 1) . Each cage was equipped with our specially devised switch which could be turned off or on by faint movements of rat. The pulses produced by the switches were transmitted to Z80 via the interface, and were integrated by Z80 during a term fixed arbitrarily. The data was printed out at a interval of 30 min in this study. The locomotor activities were recorded continuously, and the actograms were made for each rats by the computer, Adults male Sprague-Dawly rats bred in our laboratory were used.
The rats were housed in individual cages placed on the apparatuses. The room temperature was maintained between 23 and 25 C. Rats chew and tap water were free available.
Rat were maintained under LD condition (lights on 0700-1900 h with intensity of about 300 LX) for 10 days, and were transferred to LL. Two weeks after LL, eyelids were surgically removed bilaterally during the resting phase under ether anesthesia.
Typical locomotor activities of two rats under this condition were illustrated in Fig. 2, 3 .
During LD condition, a concentrated occurrence of the locomotor activity was observed during the dark phase, and the offset time of the active phase was more evident than the onset time. This observation is in good agreement with an activity record obtained by Automex (Columbus, OH) in our previous reports [8] .
An evident offset time in the free-running rhythm of the activity was observed under LL condition, which suggested that the free-running period can be determined from the offset time. Therefore, we drew the diagonal straight line that best fitted the offset time and determined the period of the free-running rhythm from slope of this line. For instance, the free-running periods of two rats shown in Fig. 2 and Fig. 3 were 25.65 and 25.72 hours, respectively.
After the removal of the eyelids, no significant loss was observed in body-weight in all the rats.
Seven of the 10 rats showed arrhythmicity of the locomotor activity, and decrease in number of activities per day ( Fig.  2A) . When the sensitivity of the measuring apparatus was increased, arrhythmicity became more evident (Fig. 2B) .
The arrhythmicity of this kind has been well documented in rats bearing a suprachiasmatic nucleus lesion [7] . On the other hand, 3 of the 10 rats without eyelids maintained the free-running rhythm through an evident decrease in the activity (Fig. 3) . These results indicate that the effect of constant lighting on the circadian rhythm is manifested differently between intact and eyelids-removed rats. Especially, the removal of eyelids caused a decrease in the locomotor activity under LL. The reason why many rats without the eyelids turned arrhythmic is unclear in this study. However, it is unlikely that the stress due to the operation caused the arrhythmicity, since the free-running rhythm is known to be maintained under a stressful condition, such as after eye enucleation [8] . This arrhythmicity could simply mean the fade-out of the free-running rhythm of locomotor activity.
However, we recently observed that the free-running rhythm reappeared after the regeneration of eyelids was clearly out of phase with the previous free-running rhythm (unpublished observation).
This observation suggests that the arrhythmicity in this study may not simply mean the fade-out of the freerunning rhythm. Further investigations are required to clarify the relationship between constant lighting and the time keeping system. From the slope of the line, the length of the free-running rhythm was determined. In this rat, the locomotor activity became arrhythmic after the removal of the eyelids. In this rat, free-running rhythm was maintained after the removal of the eyelids.
For further explanations, see the legend for Fig. 2 .
